The high prevalence of child under-nutrition remains a profound challenge in the developing world. Maternal autonomy was examined as a determinant of breast feeding and infant growth in children 3e5 months of age. Cross-sectional baseline data on 600 mother-infant pairs were collected in 60 villages in rural Andhra Pradesh, India. The mothers were enrolled in a longitudinal randomized behavioral intervention trial. In addition to anthropometric and demographic measures, an autonomy questionnaire was administered to measure different dimensions of autonomy (e.g. decision-making, freedom of movement, financial autonomy, and acceptance of domestic violence). We conducted confirmatory factor analysis on maternal autonomy items and regression analyses on infant breast feeding and growth after adjusting for socioeconomic and demographic variables, and accounting for infant birth weight, infant morbidity, and maternal nutritional status. Results indicated that mothers with higher financial autonomy were more likely to breastfeed 3e5 month old infants. Mothers with higher participation in decision-making in households had infants that were less underweight and less wasted. These results suggest that improving maternal financial and decision-making autonomy could have a positive impact on infant feeding and growth outcomes.
Introduction
Child malnutrition and related morbidity and mortality are continuing challenges faced throughout the developing world. India, a country with a population of more than one billion, has one of the highest rates of undernourished children in the world: 48% of children under 5 years of age are short for their age (stunted) and 43% children are underweight (International Institute for Population Sciences and ORC Macro, 2007) .
The literature identifies several determinants (inadequate dietary intake, infection & acute illness, lack of health services, and social and economic factors) of poor infant and child nutritional status (Black et al., 2008; Frongillo, Jr., de Onis, & Hanson, 1997) . Within the household, the role of the mother in child feeding is central. Variables associated with maternal status, such as education, are associated with child survival (Cleland, 2010) and child nutritional status (Frost, Forste, & Haas, 2005) . Mothers with more education are also more likely to have children with better growth (Basu & Stephenson, 2005; Cleland, 2010; Miller & Rodgers, 2009) , but this relation is not universal (Agee, 2010; Moestue & Huttly, 2008; Thang & Popkin, 2003) . In South Asia, where child malnutrition is very high, mothers regardless of their education may be constrained by gender-based rules that restrict opportunities to make decisions and move around the community.
About 15 years ago, Ramalingaswami, Jonsson, and Rohde (1996) proposed that low women's status in India was a major contributing factor to poor child health and growth. The implication is that even a woman with sufficient knowledge and resources, accrued as a result of education or SES, will be unable to use these skills to her child's benefit if she is not enabled to make decisions. The concept of autonomy has been employed by several researchers to capture behaviors such as decision-making and mobility that may or may not be under the mother's control. One possibility of the mechanism through which maternal autonomy acts to affect child care behaviors lies in the theory of selfdetermination (Ryan & Deci, 2000) . This theory conceptualizes autonomy as an inner psychological need for self-motivation to bring about positive behavior processes. We hypothesize that maternal autonomy is one of the psychological needs that according to the self-determination theory results in intrinsic motivation and behavioral regulation, which in turn will bring about positive, sustained, and long-term behavioral change to impact child health and well-being (Ryan & Deci, 2000) .
Demographers and sociologists have defined women's autonomy in several ways. For example, Dyson (1983) emphasizes decision-making power regarding a woman's life and those close to her, whereas, Dixon (1978) and Jejeebhoy (2000) focus on control over resources like food, income, knowledge, and prestige, within the family and in society at large. In line with previous research (Agarwala & Lynch, 2006; Jejeebhoy, 2000; Mason, 1986; Shroff, Griffiths, Adair, Suchindran, & Bentley, 2009) , we conceptualize women's autonomy as consisting of seven dimensions in which women make decisions and control resources within the family: household decision making autonomy, child-related decisionmaking autonomy, financial control and access (financial autonomy), decisions regarding mobility (mobility autonomy), freedom of movement (mobility), acceptance of domestic violence, and experience of domestic violence. These dimensions are relevant to India where women tend to have limited access to resources such as knowledge, information and finances, and are restrained in their movements in and out of the house (Dharmalingam & Morgan, 1996; Visaria, Jejeebhoy, & Merrick, 1999; Vlassoff, 1992 ). Women's autonomy has been examined in past research as a determinant of contraceptive use, smaller family size, and larger birth intervals (Jejeebhoy, 1991; Schuler & Hashemi, 1994; Upadhyay & Hindin, 2005) . However, its effect on child health outcomes is less studied.
Recent literature suggests that women's autonomy may be one of the important social variables responsible for influencing child nutritional status (Brunson, Shell-Duncan, & Steele, 2009; Shroff et al., 2009; Smith, 2003) . In particular, Begin, Frongillo, Jr., and Delisle (1999) found that mothers' higher decision-making power surrounding child feeding is a significant predictor of improved height-for-age z-scores. Engle (1993) found that mothers with a higher contribution of money to the family income had children with significantly better nutritional status. Mothers are more likely to use scarce resources for the benefit of their child if they are free to do so (Castle, 1993; Engle, Bentley, & Pelto, 2000; Mason, Hunt, Parker, & Jonsson, 1999; Schmeer, 2005) . Mothers with greater autonomy may also benefit in other ways that indirectly affect their child. For example, they make greater use of antenatal care despite a variation in socioeconomic status (Mistry, Galal, & Lu, 2009 ). This could impact her infant's birth weight, morbidity and her own nutritional status (Fikree & Pasha, 2004 ). Thus we examined the influence of factors such as infant morbidity, birth weight, and maternal nutritional status on the associations in our study.
Our research adds to the past work on linkages between autonomy and child health in the following ways. It builds on past research showing the positive link between women's autonomy and child health (Abadian, 1996; Dreze & Murthi, 2001; Malhotra, Vanneman, & Kishor, 1995; Miles-Doan & Bisharat, 1990; Smith, 2003) . Some have used proxy (or indirect) measures to operationalize autonomy (such as education, labor force participation, employment status, age at marriage) (Mason, 1986) . Others have included specific items to measure autonomy (Balk, 1997; Bloom, Wypij, & Das Gupta, 2001; Mistry et al., 2009 ). However, despite recognition that autonomy is a multi-dimensional construct (Agarwala & Lynch, 2006) , the majority of past research focuses on one of two dimensions of autonomy such as decision making autonomy (Balk, 1997; Begin et al., 1999; Dharmalingam & Morgan, 1996; Miles-Doan & Brewster,1998; Senarath & Gunawardena, 2009 ). Our study differs by examining maternal autonomy as a multi-dimensional concept and develops distinct dimensions of autonomy using confirmatory factor analysis. The underlying premise is that each dimension of women's autonomy may relate differently to health behaviors and outcomes.
Finally, in previous studies, the child health outcomes examined were primarily growth outcomes in older infants (Begin et al., 1999; Brunson et al., 2009; Johnson & Rogers, 1993; Miles-Doan & Bisharat, 1990; Shroff et al., 2009) and infant morbidity or mortality (Caldwell, 1986; Castle, 1993 ). Yet maternal autonomy may more directly influence an infant's nutrition status through the practice of breastfeeding. Exclusive breastfeeding is a practice known to reduce infant morbidity and mortality, enhance development and also protect maternal health by lengthening pregnancy intervals (Black et al., 2008) . Hence, in our study, in addition to the growth outcomes, we examined exclusive breastfeeding, a key modifiable feeding behavior.
In India, only 46.3% of infants between 0 and 5 months of age are exclusively breastfed (IIPS & Macro International, 2007) . In addition to demographic and health system determinants of early cessation of exclusive breast feeding (Bhandari, Kabir, & Salam, 2008; Chandrashekhar et al., 2007; Gupta, Dadhich, & Faridi, 2010; Madhu, Chowdary, & Masthi, 2009; Tiwari, Mahajan, & Lahariya, 2009) , autonomy may be relevant because of its effect on health system use and depression during and after delivery, though the findings are not consistent for depression and breast feeding practices (Dennis & McQueen, 2009; Harpham et al., 2005; Navaneetham & Dharmalingam, 2002; Pallikadavath, Foss, & Stones, 2004; Simkhada, Porter, & van Teijlingen, 2010) .
Thus, the objectives of this study were to: (1) identify several dimensions of autonomy through confirmatory factor analysis, and (2) examine how autonomy relates to exclusive breast feeding behavior and infant growth indicators. Specifically, we examined whether rural Indian mothers with higher levels of autonomy were more likely to exclusively breast feed infants and have infants with better growth, after accounting for potentially confounding covariates.
Data and methods

Study design and study population
We used baseline data from a 3-arm longitudinal randomized education intervention trial aimed at improving the feeding, growth, and development of 3e15 month old infants. Between September 2005 and July 2006, data were collected from 600 mother-infant pairs in 60 villages in the district of Nalgonda in the state of Andhra Pradesh, India. Sixty villages were selected purposively from three project areas (20 villages in each area) of the Integrated Child Development Services (ICDS) -the largest multi-package maternal and child health government program in India. These villages were treated as clusters of three villages and matched on population and maternal literacy within a triplet of villages. The villages within each cluster did not share geographical boundaries to avoid contamination effects from the intervention. The villages within each matched triplet were randomly allocated to the study groups. Within the villages all women in their 3rd trimester of pregnancy were contacted and then recruited into the study when their infants were approximately 3e5 months of age. Thus, the data used in our study are the baseline data for infants aged between 3 and 5 months, who weighed more than 1.5 kg at birth, and who had no apparent chronic or congenital illness. This study was approved by the Institutional Ethics Committee (IEC) of the National Institute of Nutrition, Indian Council of Medical Research, India, as well as the IRB at University of North Carolina, Chapel Hill.
Outcome measures: breastfeeding behavior and growth of infants
The first outcome used in this study is exclusivity in breastfeeding (at 3e5 months of age) in accordance with WHO guidelines for appropriate feeding specifying that no other foods or liquids be given in the first six months of life (WHO, 2003) . We measured breastfeeding with questions used in the NFHS-2 survey (International Institute for Population Sciences and ORC Macro, 2000) . We represented feeding behavior with a binary variable ¼ 0 if the infant was fed any foods or liquids other than breast milk at or before the time of the survey, and ¼ 1 if the infant was exclusively breastfed until the time of the survey. We studied exclusive rather than predominant breastfeeding in light of the fact that even feeding of non-nutritive liquids can increase risk of diarrheal diseases (Popkin et al., 1990) . We also examined nutritional status outcomes including length-for-age (LAZ), weight-forage (WAZ), and weight-for-length or (WLZ) calculated using the WHO 2005 growth standards (WHO, 2006).
Maternal autonomy: main explanatory variable
We measured the various dimensions of autonomy using a selfreported 47-item questionnaire. Majority of the responses were made on a 3 or 5 point Likert scale; scores were recoded such that 1 represented low levels of autonomy and the higher score represented higher levels of autonomy. Except for the experience of domestic violence dimension, the other dimensions were identified a priori and validated using confirmatory factor analysis (CFA). Thus, the seven dimensions were household decision making, child-related decision-making, financial independence, permission for mobility reverse scored to reflect mobility autonomy, actual mobility, non-acceptance of domestic violence, and experience of domestic violence. A significant majority of the questions came from the survey on the Status of Women and Fertility (Smith, Ghuman, Lee, & Mason, 2000) and the Indian National Family Health Survey (International Institute for Population Sciences and ORC Macro, 2000).
Construction of latent autonomy variables (dimensions)
We used Mplus v.4.1 to carry out CFA to reduce our 46 items to six latent factors. Being a single item, experience of domestic violence was not included in the CFA. CFA is a hypothesis testing procedure and it validates an a priori conceptualization of factors by accounting for measurement errors in individual observed variables. This technique was chosen over exploratory factor analysis because previous researchers have identified the important domains of autonomy. We used CFA to test their applicability in this sample and setting. Specifically, we examined the model fit, the factor to item R 2 and factor loadings from the CFA to assess the construct validity of the factors. Further, we assumed the missing at random approach for the items considered and used the type ¼ missing option in Mplus that uses the full information maximum likelihood estimator to account for the missing data. The measurement model included items representing the following dimensions: (1) household decision making, (2) decisions regarding child care, (3) mobility autonomy, (4) actual mobility, (5) financial autonomy, and (6) non-acceptance of domestic violence. The items under certain dimensions were reverse coded appropriately such that a higher score on each item represented higher autonomy. The first model had poor fit. To improve model fit, we removed items from the respective dimension if the R-square was less than 0.40 and modification indices were greater than 10.0 (Brown, 2006) . Our final model fitted well with the following indices: CFI 0.932, TLI 0.941, RMSEA 0.052 (see Table 2 ) (Brown, 2006) . Overall, these findings suggest that the measurement model performed well. Weighting each response with the standardized factor score for that item, we created a composite score for each of the six autonomy variables. The correlation between the autonomy factors ranges from À0.10 to 0.40 and thus factors were fairly independent of each other.
Method of analysis: multivariate modeling
Given that mothers were drawn from multiple villages, we first examined if there were village-level variations in our outcomes. Second, using logistic regression, we examined the association between each of the 6 autonomy variables along with the experience of domestic violence, and exclusive breastfeeding. Similar procedures were used to examine autonomy in relation to infant weight and length outcomes, this time using a least squares multiple regression. Our model building process consisted of regressing each autonomy dimension and the outcome variable (7 regressions) and then a final eighth regression that included all the seven autonomy dimensions in the same model. In the interest of space we only present the models including all seven autonomy dimensions, although the significance of the association between the autonomy dimensions and outcomes did not change in models where the autonomy dimensions were entered individually. In each of the regression models we also controlled for covariates. We considered several household, maternal, and infant characteristics as covariates, including standard of living, caste, household social structure (joint versus nuclear), mother's age, education, employment status, height, child's age, sex and parity, that may act as confounders of the relationship of autonomy with the feeding and growth outcomes. The household standard of living was adapted from the National Family Health Survey (International Institute for Population Sciences and ORC Macro, 2000). The questions included in the index measure the quality of household construction, land and household ownership, house type, toilet facility, source of lighting, main fuel for cooking, source of drinking water, separate room for cooking, ownership of the house, agricultural land, irrigated land, livestock and household assets such as radio, television, and a bed. We also examined the influence of factors such as birth weight, maternal nutritional status, maternal depression and infant morbidity (measured as the number of illness episodes in the last two weeks) on the relationship between autonomy and the main infant growth and feeding outcomes. The series of regression models were carried out using STATA v.10 and the significance was tested with alpha equal to 0.05.
Results
Description of sample
The study sample consisted of 600 mother-child dyads, with an equal distribution of nuclear and joint family households (Table 1) . These households were predominantly Hindu and 65% of the sample belonged to the "backward caste" of the caste system. 1 In our sample, 60% of the households were categorized in the highest level of standard of living and 35% with a medium standard of living index based on the standard for living index relative to a national standard of living ranking index. More than one third of the mothers had no education, and another third had only primary education. Approximately one third of the mothers were undernourished, with a BMI <18.5. 12% of children were reported to weigh between 1500 and 2500 g at birth.
In our sample, 75% of mothers exclusively breast fed their infants. The mean length-for-age z-scores (LAZ) among the infants was À1.182 and mean weight-for-age z-score (WAZ) was À1.178. These scores indicate that the infants in our sample were much shorter and lighter, compared to the international standard.
We present descriptive statistics for each of the autonomy questions in Table 2 . Key findings from these reveal that around 66% mothers reported that the decisions regarding how her own earnings are to be spent or whether she can seek healthcare for herself are taken by others in the household. Approximately 50% of mothers sometimes or most of the time gave their earnings to their husbands, and 45% of mothers did not have their own cash for household expenditures. 70% of mothers reported they needed permission to go any place in or outside the village, and 80% of mothers reported needing permission to go to the local health center.
Prediction of breastfeeding, height and weight
The seven autonomy variables were first included in multivariate logistic regression models with exclusive breastfeeding as the outcome. Because our data had multiple individuals within a village, we examined village-level variation. There was no significant village-level variation in this model. In both the unadjusted and adjusted models, financial autonomy was significantly associated with exclusive breastfeeding (Table 3 ). In the adjusted model, mothers who scored higher on financial autonomy were 1.26 times more likely to exclusively breastfeed [OR ¼ 1.26; 95% CI: 1.00, 1.58]. None of the other autonomy dimensions was significantly associated with exclusive breastfeeding. Maternal depression and birth weight were not significantly associated with Table 3 Results from logistic regression model presenting odds ratios of Breast feeding behavior in mothers with infants 3e5 months of age, Andhra Pradesh, India. exclusive breastfeeding in bivariate analysis and maternal nutritional status did not change the result of the association observed between financial autonomy and exclusive breastfeeding. Among the outcomes, only WAZ and LAZ showed significant (p < 0.05) village-level variation (and intra-class correlation, ICC). For consistency, we report random-effect models for all the three growth outcomes. Using random-effect regression models for WAZ, LAZ, and WLZ, differential effects of the autonomy dimensions were observed for the three growth indicators. The ability to make household decisions was significantly and positively associated with WAZ [b ¼ 0.167; 95% CI: 0.037, 0.297] and WLZ [b ¼ 0.263; 95% CI: 0.106, 0.421] after controlling for covariates (Table 4 ). In addition, a high score on mobility autonomy (i.e. not needing permission to go out) was associated with lower WLZ [b ¼ À0.202; 95% CI: À0.342, À0.063].
For LAZ, there was no significant association observed in the unadjusted models and subsequent models adjusted for household and maternal characteristics (Table 5 , Models 1). However, we observed a positive influence of both mobility autonomy [b ¼ 0.147; 95% CI: 0.048, 0.246] and child care decision-making [b ¼ 0.097; 95% CI: 0.005, 0.188] on LAZ when we controlled for birth weight in addition to other household and maternal characteristics (Table 5 , Model 2). To understand this further, we introduced interaction terms, namely birth weight Â child care decision-making and birth weight Â mobility autonomy into the model (Table 5 , Model 3). We observed that the interaction term of birth weight Â mobility autonomy was significantly and negatively associated with LAZ [b ¼ À0.265; 95% CI: À0.430, À0.100]. Fig. 1 presents a graph showing that not requiring permission to go places was more strongly associated with LAZ for infants with lower birth weight (birth weight mean e1SD) compared to those of higher birth weight.
After controlling for maternal depression in the growth models, results for the main effect of autonomy did not change. Further, maternal depression remained significant only in the LAZ model (Table 5 , Model 4). There were no mediating effects of infant morbidity, maternal nutritional status, and maternal depression on autonomy and the growth outcomes (results not shown).
Discussion
In a sample of 600 mother-infant dyads in rural Andhra Pradesh, India, we examined the association of different dimensions of maternal autonomy with exclusivity of breastfeeding as well as infant growth in the first 3e5 months of life. Mothers with higher levels of financial autonomy were more likely to exclusively breastfeed, independent of other autonomy dimensions and controlling for covariates. Further, household decision making autonomy was positively associated with infant WLZ and WAZ. Mobility autonomy showed a negative association with WLZ. We also observed a positive Table 4 Results from random-effects GLS models presenting coefficients for WAZ and WLZ of infants 3e5 months of age.
Weight-for-age z-score (WAZ)
Weight-for-length z-score (WLZ) association of LAZ with mobility autonomy and child care decisionmaking after controlling for birth weight of the infant. The positive impact of financial autonomy of mothers on child nutritional status has been studied previously (Begin et al., 1999; Engle, 1993) but the direct relationship with breastfeeding behavior has not been observed. In a recent study using the National Family Health Survey (NFHS-2) data, financial autonomy of mothers was significantly associated with use of antenatal care in Table 5 Results from random-effects GLS models presenting coefficients for length-for-age z-score (LAZ) of infants 3e5 months of age. a Autonomy factors used as Latent Factor Score; ***p < 0.001, **p < 0.05, *p < 0.1. Fig. 1 . Graph presenting LAZ outcome with interaction of birth weight and mobility autonomy.
the southern states of India (Mistry et al., 2009 ). Thus, it is possible that the relationship between financial autonomy and exclusive breast feeding observed in our study is because mothers with higher financial autonomy received more advice about optimal breastfeeding while attending antenatal care. Most antenatal care services in this part of India provide information regarding postnatal infant care, including breastfeeding counseling. However, we do not have data on antenatal care for this sample to test this hypothesis. Unlike other studies, financial autonomy was not associated with infant growth in our study (Brunson et al., 2009; Engle, 1993) . This may be due to the younger ages of our sample. Engle et al. (1993) reported that the percentage of income contributed by mothers to the total household income was positively associated with nutritional status of children aged 8e47 months. Thus, the mothers with more control over finances (higher financial autonomy) may have greater control over food fed to young children. However, in our study, the children of 3e5 months were predominantly breastfed, and therefore unlikely to benefit from family food distribution. Next, our results show that mothers who had higher participation in household decision-making (for example, whether or not to work outside the home, whether money can be spent on health care for the child, etc.) had infants with better WAZ and WLZ, compared to infants of mothers with less household decision-making. Our findings confirm those of previous research, suggesting that decision making autonomy impacts the nutritional status of children (Desai & Johnson, 2005; Johnson & Rogers, 1993; Jones, Schultink, & Babille, 2006; MilesDoan & Bisharat, 1990 ). However, unlike earlier studies, we found that decision making about household management was associated with infants' nutritional status, not only that of older children.
Birth weight moderated the association between mobility autonomy and LAZ. Infants at the lower end of the birth weight distribution may have benefited from their mother's ability to move without permission, for example, to attend postnatal check-ups, monitor adequate growth, and get advice on health care. Similarly, lower birth weight children benefited more from their mothers' freedom to make child-care decisions on their own. We examined data in our study on the number of morbidity episodes experienced by an infant in the two weeks before the survey and additional analyses show that autonomy was not related to morbidity episodes (results not shown here). However, it is possible that mothers with higher child care-related decisions may make more appropriate decisions about care when an infant is unwell, which could shorten the morbidity episode. Although we confirm the results of previous studies that postnatal depression is associated with stunting (Black, Baqui, Zaman, El Arifeen, & Black, 2009; Stewart, 2007) , we do not find maternal depression to significantly mediate the relationships observed with autonomy in our study. Surprisingly, there was an inverse relation between mothers' mobility autonomy and infants' WLZ. Mothers with greater freedom to go places without permission had children with greater length only if the infant was on the lower end of the birth weight distribution, but overall the mothers with higher mobility autonomy had children with lower weight for their length. These findings need further replication.
A potential limitation is that we are unable to provide a conceptual framework for why specific domains of autonomy might or might not relate to specific child feeding and nutritional outcomes. Our findings suggest it may be premature to provide such a framework. In some cultures, the items may all load on the same factor, though in our sample they constituted different domains of autonomy. Still, several domains correlated positively, namely household decision making, mobility autonomy, and financial autonomy, yet none correlated with the mothers' level of schooling. Some of the autonomy questions were not applicable to all. For example, if the mother did not work and earn money, then the questions on "who decides on how her earnings are spent or does she give her earnings to her husband" were not applicable. Not all mothers answered all questions. These items dropped out during the confirmatory factor analysis as they did not load well on the respective sub-construct of autonomy.
To conclude, we examined the impact of multiple dimensions of maternal autonomy on feeding and nutritional outcomes of infants in a rural setting of Andhra Pradesh, India. Our findings suggest that individual domains of autonomy could operate differently to influence child growth.
